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Abstract
The effect of Escherichia coli 0111:B4 endotoxin (lipopolysaccharide, LPS) on the intracellular Ca2 and reactive oxygen
metabolite content of both rat isolated fasciculata-reticularis and glomerulosa cells was evaluated by flow cytometry to know
the role of these mechanisms in the initiation of cell injury produced by LPS on adrenocortical cells during endotoxic shock.
A rapid increase of intracellular calcium was induced by endotoxin in both cell types. In fasciculata-reticularis cells, this
[Ca2]i increase was mainly due to an important mobilization of intracellular stores. Dose-dependent increases in [Ca2]i
were also observed when both cell types were incubated with LPS for 20 min in the presence of extracellular calcium. This
treatment abolished the increase in intracellular calcium induced by ACTH and angiotensin II. On the other hand, the
endotoxin produced a fast and dose-dependent increase in reactive oxygen species in both cell types, higher in glomerulosa
than in fasciculata-reticularis cells. LPS-pretreated cells showed more susceptibility to the oxidative stress induced by Fe2.
These results can be related to functional alterations previously described showing the involvement of calcium and reactive
oxygen species as messengers in the endotoxin action on adrenocortical cells. ß 1999 Elsevier Science B.V. All rights
reserved.
Keywords: Glomerulosa cell ; Fasciculata-reticularis cell ; Lipopolysaccharide; Reactive oxygen species; Calcium; Endotoxin
1. Introduction
Several metabolic and functional alterations in-
duced by bacterial endotoxins (lipopolysaccharides,
LPS) during endotoxic shock have been associated
with the impairment of intracellular Ca2 homeosta-
sis in some tissues [1]. LPS binds to the plasma mem-
brane of target cells interfering with transmembrane
signaling mechanisms and perturbing metabolic
processes [2^7]. Endotoxins also induce, mainly in
phagocytic cells, the release of oxygen-derived radi-
cals which have been involved in the pathogenesis of
the initial phase of endotoxic shock [8^10]. These
compounds initiate lipid peroxidation reactions
which can produce irreversible alterations of cell
membrane structure and Ca2 permeability [11,12].
Since both Ca2 and oxygen free radicals may have
adverse e¡ects on cellular membranes and enzyme
systems, lipid peroxidation and Ca2 translocation
have been correlated as possible synergistic causes
of cell injury [13,14].
Adrenal glands play an essential role in the defense
mechanisms against the e¡ects of bacterial endotox-
ins through the synthesis and release of glucocorti-
coids which stimulate a wide variety of biological
responses [15^17]. Previous studies showed that
LPS binds to isolated adrenocortical cells decreasing
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the binding capacity of ACTH and ACTH-induced
steroidogenesis in a dose and time-dependent manner
[3]. The control of steroidogenesis in zona fasciculata
reticularis and zona glomerulosa of the adrenal gland
is dependent upon calcium uptake and involves
changes in Ca2 £ux as regulatory mechanism [18^
20]. On the other hand, steroidogenic tissues present
a high susceptibility to lipid peroxidation because of
the potential generation of oxygen radicals by ster-
oidogenic P-450 enzymes [21]. As protection, the
adrenal gland contains higher concentrations of as-
corbic acid than any other tissue [22,23], but the
uptake of this potent antioxidant by isolated adreno-
cortical cells is inhibited by LPS in a time- and cal-
cium-dependent manner [24]. This depletion of ascor-
bic acid by endotoxin has been correlated with the
decrease of cytochrome P-450 levels observed during
endotoxic processes, possibly damaged by lipid per-
oxidation [25].
The aim of this study was to evaluate, by £ow
cytometry, the e¡ect of Escherichia coli 0111:B4
LPS on the intracellular Ca2 and reactive oxygen
metabolite content of both isolated fasciculata-retic-
ularis and glomerulosa cells in order to know the role
of these mechanisms in the initiation of cell injury
produced by endotoxin on adrenocortical cells.
2. Materials and methods
2.1. Materials
Lipopolysaccharide (LPS) from E. coli 0111:B4,
obtained according to Westphal’s method [26], was
supplied by Difco (Detroit, MI, USA). DNase was
obtained from Boehringer-Mannheim Diagnostica
(Germany) and collagenase was from Seromed CLS
I (Germany). Indo-1/AM was from Molecular
Probes (Eugene, OR, USA), propidium iodide, an-
giotensin II and FeSO4 from Sigma (St. Louis, MO,
USA) and DCFH/DA from Serva (Heidelberg, Ger-
many). 4-Br-A23187 ionophore was supplied by Cal-
biochem (La Jolla, CA, USA). ACTH was from
Ciba-Geigy (Switzerland).
2.2. Animals
Male Wistar rats (200^250 g body weight), with
food and water ad libitum, were used in all the ex-
periments. The experiments described were per-
formed in adherence to the CEE (86/609) and Min-
isterio de Agricultura (Spain, BOE 223/1988, 265/
1990) guidelines for care and use of laboratory ani-
mals.
2.3. Isolation of fasciculata-reticularis and
glomerulosa cells
The adrenal glands were excised. After removing
the surrounding fat, the capsule was carefully dis-
sected away from the rest of the gland. The capsular
and the inner tissues were used to isolate glomerulosa
and fasciculata-reticularis cells, respectively. The cap-
sular and the inner tissues were minced and dissoci-
ated with collagenase (200 U/ml) and DNase (0.1 mg/
ml) for 30 min at 37‡C on an orbital shaker. After
incubation, the dispersion of cells was enhanced me-
chanically by gently £ushing through a sterile sy-
ringe. The cells were then ¢ltered through a nylon
¢lter mesh and collected by centrifugation at
310Ug for 10 min. Red blood cells, which co-isolate
with cells (glomerulosa or fasciculata-reticularis),
were removed by hypotonic treatment for 30 s.
Then the cells were centrifuged on Dulbecco’s modi-
¢ed Eagle’s medium (DMEM) plus 2.5% bovine se-
rum albumin (BSA) and washed once with DMEM.
Cells were resuspended in DMEM and counted using
a hemocytometer. Capsular and inner tissues from
ten rats were pooled to yield a single cell sample
per experiment. The viability, assessed by trypan
blue exclusion, was 85^90%. The purity of each cell
type was controlled by optical and electronic micros-
copy.
2.4. Intracellular [Ca2+] measurement by £ow
cytometry
Isolated fasciculata-reticularis and glomerulosa
cells (106 cells/ml) were incubated at 37‡C for
45 min with 6 WM indo-1/AM in DMEM. After
indo-1 loading, cells were treated with E. coli
0111:B4 lipopolysaccharide (10 and 100 Wg LPS/
ml), ACTH (10 ng/ml, 3.7 nM), angiotensin II
(1 nM) or 4-Br-A23187 ionophore (3 WM) during
di¡erent times according to the experiment. LPS
was suspended in DMEM and sonicated for 1 min.
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ACTH was diluted with DMEM from a stock solu-
tion in 0.9% NaCl plus 0.1% BSA in 0.01 N HCl.
Angiotensin II was prepared in DMEM and the ion-
ophore stock solution in ethanol (1 mg/0.8 ml). Con-
trols without treatment and solvent were also per-
formed. In order to measure the intracellular
[Ca2], the £uorescence of indo-1 loaded cells was
excited by a 5 W laser tuning to 345^365 nm and
the emitted £uorescence was measured with 395/25
and 488/10 bandpass ¢lters simultaneously in a FAC-
Star Plus Becton Dickinson £ow cytometer (Centro
de Citometr|¤a de Flujo de la Universidad Complu-
tense de Madrid). To investigate the endotoxin e¡ect
on intracellular calcium stores, the in£ux of extra-
cellular Ca2 was eliminated using DMEM without
Ca2 plus 1 mM EGTA. Cell viability was monitored
during the experiments by addition of propidium io-
dide (PI, 0.005% in phosphate-bu¡ered saline (PBS))
to stain the DNA of dead cells, which were gated out
of analysis. At least 10 000 cells were measured in
each experiment.
2.5. Intracellular reactive oxygen metabolite
measurement by £ow cytometry
Isolated fasciculata-reticularis and glomerulosa
cells (106 cells/ml) were incubated at 37‡C for 30
min with 10 WM 2P,7P-dichloro£uorescein diacetate
(DCFH/DA) in DMEM. After loading with the
probe, cells were incubated with E. coli 0111:B4 lipo-
polysaccharide (10 and 100 Wg LPS/ml), 3.7 nM
ACTH and/or 1 mM FeSO4 for di¡erent times ac-
cording to the experiments. Controls without treat-
ment were also performed. To measure the intracel-
lular reactive oxygen species, the £uorescence of
intracellular DCF was excited by a 2 W laser tuning
to 488 nm and the emitted £uorescence was meas-
ured with a 530/30 bandpass ¢lter in a FACStar Plus
Becton Dickinson £ow cytometer (Centro de Citome-
tr|¤a de Flujo de la Universidad Complutense de Ma-
drid). Cell viability was monitored during the experi-
ments by addition of PI (0.005% in PBS) to stain the
DNA of dead cells, which were gated out of analysis.
At least 10 000 cells were measured in each experi-
ment.
2.6. Statistical analysis
Data given in the ¢gures represent the mean val-
ues þ S.D. of three experiments carried out in dupli-
cate. Comparison between groups has been carried
out by Student’s t-test. Results were considered sta-
tistically signi¢cantly di¡erent when P6 0.05.
3. Results and discussion
The induction of cell injury during endotoxemia in
some tissues can be related to the perturbation of the
cellular calcium homeostasis [1] and an increased
oxygen-derived radical formation [9,10]. The e¡ect
of E. coli 0111:B4 endotoxin on both fasciculata-re-
ticularis and glomerulosa cells isolated from rat adre-
nal gland has been investigated evaluating the intra-
cellular Ca2 and the content in reactive oxygen
species by £ow cytometry.
In order to evaluate the changes of intracellular
calcium concentration in response to LPS, fascicula-
ta-reticularis and glomerulosa cells were loaded with
the probe indo-1. The emitted £uorescence light of
indo-1 shifts to shorter wavelengths on calcium bind-
ing [27]. This shift is detectable by simultaneous £u-
orescence measurements at two di¡erent wave-
lengths: 395 nm, for Ca2-bound indo-1 (FL1) and
488 nm, for Ca2-free indo-1 (FL2). Increases of in-
tracellular calcium are usually detected measuring
the proportional increases in either indo-1 emitted
£uorescence at 395 nm (FL1) or the FL1/FL2 ratio.
Both parameters were evaluated in this study as a
measure of the intracellular calcium of control and
endotoxin treated cells.
Fig. 1 shows the cell number (n) versus the intra-
cellular indo-1 emitted £uorescence light FL1 (at
V= 395 nm, for Ca2-bound indo-1) of control fas-
ciculata-reticularis and glomerulosa cells. The FL1/
FL2 ratio of these two cell types was 0.025 and
0.08 respectively (Table 1). As can be observed,
FL1 values (Fig. 1) and FL1/FL2 ratio were higher
in glomerulosa than in fasciculata-reticularis cells,
thus indicating a higher Ca2 concentration in the
glomerulosa population, in agreement with the ele-
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vated intracellular calcium content described in rat
glomerulosa cells [28].
The action of E. coli 0111:B4 endotoxin was
studied incubating both cell types with 10 and 100
Wg LPS/ml for 5 min and their e¡ect was compared
with ACTH- and angiotensin II-induced changes in
intracellular calcium. Fig. 2 shows the cell number
(n) versus emitted £uorescence light FL1 of fascicu-
lata-reticularis (Fig. 2a) and glomerulosa (Fig. 2b)
cells after each treatment. The FL1/FL2 ratio was
also evaluated (Table 1). Endotoxin caused a rapid
increase of FL1 values and FL1/FL2 ratio corre-
sponding to a rise in intracellular calcium in both
cell types. These changes were comparable to those
induced by ACTH and angiotensin II. On the other
hand, the percentage of cells with [Ca2]i above basal
level was calculated with the LYSIS II program of
Becton Dickinson after each treatment with both
fasciculata-reticularis and glomerulosa cells. As can
be observed in Table 1, after 5 min endotoxin in-
duced a signi¢cant increase in the percentage of fas-
ciculata-reticularis (31^33%) and glomerulosa (17%)
cells with elevated [Ca2]i, similar to the hormone
e¡ects in each cell type; however, the values obtained
with fasciculata-reticularis cells were higher than
those of glomerulosa cells. The percentage of glomer-
ulosa cells with calcium above control levels ob-
served after the hormone treatment are in agreement
with the results obtained by other authors which
have reported that a relatively small proportion of
glomerulosa cells (less than 30%) showed increased
cytosolic free calcium in response to ACTH [29].
In order to examine the changes elicited by LPS
during shorter treatment times on [Ca2]i of fascicu-
lata-reticularis and glomerulosa cells, the emitted £u-
Fig. 1. Flow cytometric analysis of intracellular [Ca2] of rat
adrenal fasciculata-reticularis and glomerulosa cells. Cell num-
ber (n) versus intracellular indo-1 emitted £uorescence light at
395 nm (FL) of fasciculata-reticularis (F) and glomerulosa (G)
cells. Isolated fasciculata-reticularis and glomerulosa cells (106
cells/ml) were incubated with 6 WM indo-1/AM for 45 min.
Then, the £uorescence of indo-1 was excited by a 5 W laser
tuning to 345^365 nm and the emitted £uorescence was eval-
uated at 395 nm (FL) as a measure of the [Ca2]i. The graph
shown is representative of three di¡erent experiments carried
out in duplicate.
Table 1
Flow cytometric analysis of intracellular [Ca2] of rat adrenal fasciculata-reticularis and glomerulosa cells : e¡ect of E. coli endotoxin
(LPS), ACTH and angiotensin II
Cell type Treatment FL1/FL2 Cells with high [Ca2]i (%)
Fasciculata reticularis Control 0.025 þ 0.01
10 Wg LPS/ml 0.15 þ 0.01 31
100 Wg LPS/ml 0.15 þ 0.01 33
3.7 nM ACTH 0.11 þ 0.01 33
1 nM ANG II 0.10 þ 0.01 43
Glomerulosa Control 0.08 þ 0.01
10 Wg LPS/ml 0.16 þ 0.01 17
100 Wg LPS/ml 0.19 þ 0.01 17
3.7 nM ACTH 0.17 þ 0.01 16
1 nM ANG II 0.15 þ 0.01 17
Isolated fasciculata-reticularis and glomerulosa cells of rat adrenal gland were loaded with indo-1 and then incubated for 5 min with
E. coli 0111:B4 lipopolysaccharide (10 and 100 Wg LPS/ml), ACTH (3.7 nM) or angiotensin II (1 nM). After each treatment, the £uo-
rescence of indo-1 was excited by a 5 W laser tuning to 345^365 nm and the emitted £uorescence light was determined by £ow cytom-
etry at 395 þ 12.5 nm (FL1) and 488 þ 5 nm (FL2). The FL1/FL2 ratio was evaluated as a measure of the intracellular [Ca2]. The per-
centage of cells with [Ca2]i above basal level was calculated with the LYSYS II program of Becton Dickinson. The values shown are
representative of three di¡erent experiments carried out in duplicate.
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Fig. 2. Flow cytometric analysis of intracellular [Ca2] of rat adrenal fasciculata-reticularis and glomerulosa cells. E¡ect of E. coli en-
dotoxin (LPS), ACTH and angiotensin II. Cell number (n) versus intracellular indo-1 emitted £uorescence light at 395 nm (FL) of fas-
ciculata-reticularis (F) and glomerulosa (G) cells. Isolated fasciculata-reticularis and glomerulosa cells (106 cells/ml) were incubated
with 6 WM indo-1/AM for 45 min. Then, cells were incubated for 5 min with LPS (10 Wg/ml), ACTH (3.7 nM) or angiotensin II (1
nM). After each treatment, the £uorescence of indo-1 was excited by a 5 W laser tuning to 345^365 nm and the emitted £uorescence
was evaluated at 395 nm (FL) as a measure of the [Ca2]i. The graph shown is representative of three di¡erent experiments carried
out in duplicate.
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orescence light of Ca2-bound indo-1 (FL1) was con-
tinuously determined by £ow cytometry during 2 min
immediately after the addition of the endotoxin (10
and 100 Wg LPS/ml) to the incubation medium. The
endotoxin e¡ect was compared with the changes in-
duced by calcium ionophore A23187. As can be ob-
served in Fig. 3, a rapid and transient increase of
[Ca2]i was initially produced in both cell types as
response to endotoxin, similar in magnitude and
quickness to the ionophore e¡ect. In glomerulosa
cells, the rapid e¡ect produced by the ionophore
was followed by a maintained calcium in£ux. It is
well known that the concentration of intracellular
free calcium is maintained by the transport of calci-
um out of the cell by ATPases as well as by com-
partmentalization into intracellular stores. The pos-
sible e¡ect of endotoxin on the calcium mobilization
from intracellular stores of both cell types was also
investigated continuously during 2 min immediately
after the LPS addition in calcium free medium plus
1 mM EGTA. The LPS e¡ect was compared with the
angiotensin II action in the absence of extracellular
Ca2. As can be observed in Fig. 4, endotoxin pro-
duced a signi¢cant and dose-dependent increase in
[Ca2]i of fasciculata-reticularis cells when calcium
free medium was used, revealing an important mobil-
ization of intracellular stores. However, no signi¢-
cant changes were obtained in glomerulosa cells dur-
ing 2 min treatment with 10 Wg LPS/ml in the
absence of extracellular calcium and a decrease in
[Ca2]i was obtained with 100 Wg LPS/ml, possibly
by calcium e¥ux. The e¡ect of angiotensin II was
more pronounced in glomerulosa than in fascicula-
ta-reticularis cells. It has been described that angio-
tensin II provokes hydrolysis of phosphoinositides,
mobilizing intracellular calcium on both fasciculata-
reticularis and glomerulosa cells [30,31]; however,
there seem to be species di¡erences with regard to
the e¡ect of angiotensin II on the fasciculata-reticu-
laris cells. Although rat fasciculata-reticularis cells
have very low angiotensin II receptors [32], in our
experimental conditions fasciculata-reticularis cells
responded to angiotensin II in agreement with cell
responses to this hormone observed by other authors
in this cell type [33].
The action of endotoxin on intracellular calcium
content was also investigated with both cell types
after longer treatment times in the presence of extra-
cellular calcium. Dose-dependent increases in [Ca2]i
were observed after 20 min treatment with LPS and
this e¡ect was higher in glomerulosa than in fascicu-
lata-reticularis cells (Fig. 5).
The results presented here indicate that changes in
intracellular calcium occur relatively early in the time
Fig. 3. Flow cytometric analysis of intracellular [Ca2] of rat
adrenal fasciculata-reticularis and glomerulosa cells. Short-term
response to E. coli endotoxin (LPS) and A23187 ionophore.
Indo-1 emitted £uorescence light at 395 nm (FL) of fasciculata-
reticularis (a) and glomerulosa (b) cells versus time. Isolated
fasciculata-reticularis and glomerulosa cells (106 cells/ml) were
incubated with 6 WM indo-1/AM for 45 min. Then, cells were
incubated for 2 min with 10 Wg LPS/ml (A), 100 Wg LPS/ml (B)
and 3 WM A23187 ionophore (C). During each treatment, the
£uorescence of indo-1 was excited by a 5 W laser tuning to
345^365 nm and the emitted £uorescence was continuously
evaluated at 395 nm (FL) as a measure of the [Ca2]i. Percent-
ages are referred to control values (100%). The graph shown is
representative of three di¡erent experiments carried out in du-
plicate.
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course of endotoxin action on adrenocortical cells,
possibly due to its e¡ect on the translocation systems
which transport calcium to both intracellular stores
and extracellular space, eliciting a rise in [Ca2]i
which was maintained, at least, up to 20 min of treat-
ment. Similar e¡ects have been reported on liver cells
but showing a diversity of the response depending on
the cell type. Thus, on liver sinusoidal cells, endotox-
in produced a faster [Ca2]i increase than on hepa-
tocytes, in which a slow and progressive increase of
cytosolic Ca2 was induced by LPS in a dose-de-
pendent manner [7,10]. LPS also causes a dose-de-
pendent increase in [Ca2]i in cultured bovine endo-
thelial cells mainly due to a mobilization of
intracellular calcium stores, and LPS blunts the cal-
cium increase induced by vasopressin which has been
related to the initial LPS-induced vascular hypores-
ponsiveness [34]. In our studies, the LPS also abol-
ished the hormone-induced calcium increase. When
fasciculata-reticularis and glomerulosa cells were in-
cubated with LPS for 20 min, the addition of ACTH
and angiotensin II respectively did not produce a
signi¢cant increase (1^4%) in [Ca2]i. Some authors
[35] have suggested that these hormones stimulate
calcium in£ux via a common calcium channel
although acting by di¡erent mechanisms. Our results
Fig. 4. E¡ect of E. coli endotoxin and angiotensin II on the in-
tracellular Ca2 mobilization from intracellular stores of rat
adrenal fasciculata-reticularis and glomerulosa cells. Indo-1
emitted £uorescence light at 395 nm (FL) of fasciculata reticu-
laris (a) and glomerulosa (b) cells versus time. Isolated fascicu-
lata-reticularis and glomerulosa cells (106 cells/ml) were incu-
bated with 6 WM indo-1/AM for 45 min. Then, cells were
incubated with 1 nM angiotensin II (A), 10 Wg LPS/ml (B) and
100 Wg LPS/ml (C) for 2 min in calcium free medium plus
1 mM EGTA. During each treatment, the £uorescence of indo-
1 was excited by a 5 W laser tuning to 345^365 nm and the
emitted £uorescence was continuously evaluated at 395 nm
(FL) as a measure of the Ca2 mobilization from intracellular
stores. Percentages are referred to the control values (100%).
The graph shown is representative of three di¡erent experiments
carried out in duplicate.
Fig. 5. Flow cytometric analysis of intracellular [Ca2] of rat
adrenal fasciculata-reticularis and glomerulosa cells after 20 min
treatment with E. coli endotoxin (LPS) in the presence of ex-
tracellular calcium. Indo-1 emitted £uorescence light at 395 nm
(FL) of fasciculata-reticularis (fas) and glomerulosa (glom) cells.
Isolated fasciculata-reticularis and glomerulosa cells (106 cells/
ml) were incubated with 6 WM indo-1/AM for 45 min. Then,
cells were incubated for 20 min with LPS (10 and 100 Wg/ml).
After each treatment, the £uorescence of indo-1 was excited by
a 5 W laser tuning to 345^365 nm and the emitted £uorescence
was evaluated at 395 nm (FL) as a measure of the [Ca2]i. Per-
centages are referred to the control values (100%). The graph
shown is representative of three di¡erent experiments carried
out in duplicate. P6 0.001.
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seem to indicate that LPS could act, in part, via a
common calcium channel in both cell types increas-
ing calcium in£ux, but the LPS e¡ect on mobilization
of intracellular stores is di¡erent, depending on the
cell type. On the other hand, the LPS action increas-
ing intracellular calcium is not correlated with any
signi¢cant alteration on basal corticosteroid biosyn-
thesis at so short incubation times (data not shown).
However, we have previously shown that LPS binds
to adrenocortical cells and alters the response to
ACTH, decreasing ACTH induced cAMP produc-
tion and corticosteroid secretion. These e¡ects begin
to be observed 20 min after ACTH addition and no
alterations in basal steroidogenesis are produced at
this incubation time [3]. These previous studies to-
gether with the present results may indicate that LPS
interferes with the transmembrane signaling mecha-
nisms of both hormones.
In order to evaluate the intracellular reactive oxy-
gen metabolite production induced by LPS in fasci-
culata reticularis and glomerulosa cells, these two cell
types were loaded with the probe DCFH and then
incubated with 10 and 100 Wg LPS/ml. Non-£uores-
cent DCFH is cleaved from membrane-permeable
DCFH/DA by intracellular esterases and accumu-
lated in vital cells. Intracellular oxidation of DCFH
to £uorescent DCF results in high cellular £uores-
cence intensities [36]. The emitted £uorescence light
of DCF at 530 þ 15 nm (FL) was determined by £ow
cytometry as a measure of the intracellular reactive
oxygen species. Since it is well known that iron cata-
lyzes the formation of extremely reactive oxygen spe-
cies, via Fenton and Haber-Weiss reactions, the LPS
action was compared with the iron e¡ect. As can be
observed in Fig. 6, the exposure to endotoxin pro-
duced a fast and dose-dependent increase in the oxy-
gen-derived free radical content in both cell types,
higher in glomerulosa (Fig. 6b) than in fasciculata-
reticularis cells (Fig. 6a). On the contrary, there was
no oxygen radical formation after the addition of
ACTH to cells (data not shown). LPS also stimu-
lated the reactive oxygen intermediate production
by Kup¡er cells [10] as well as lipid peroxidation
and cell membrane damage on hepatocytes at longer
treatment times [37]. The addition of Fe2 to the
incubation medium produced a higher increase than
endotoxin in the emitted £uorescence light of DCF at
530 nm (FL) in agreement with the role of iron in
promoting oxygen free radical formation (Fig. 6).
When iron was added to fasciculata-reticularis cells
pre-treated with LPS, an increase in oxygen radical
formation higher than without LPS was produced.
This e¡ect was more pronounced in glomerulosa cells
after incubation with 100 Wg LPS/ml, thus indicating
that endotoxin may induce a greater susceptibility to
oxidative stress in these cell types (Fig. 6*). Further,
the possible changes in cell size and cell surface struc-
Fig. 6. E¡ect of E. coli endotoxin on intracellular reactive oxy-
gen metabolite content of rat adrenal fasciculata-reticularis and
glomerulosa cells. Intracellular DCF emitted £uorescence light
at 530 nm (FL) of fasciculata-reticularis (a) and glomerulosa
(b) cells versus time. After DCFH loading, cells were incubated
with 10 Wg LPS/ml (b), 100 Wg LPS/ml (F) and 1 mM FeSO4
(R) for di¡erent time periods. Then, FL was determined by
£ow cytometry as a measure of the intracellular reactive oxygen
species. Asterisk (*) indicates the addition of 1 mM FeSO4 to
cells after LPS treatment. The graph shown is representative of
three di¡erent experiments carried out in duplicate.
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ture were evaluated by measuring forward scatter
(FSC) and side scatter (SSC), respectively. Fe2,
highly e¡ective in promoting oxidative production,
also a¡ected cell size and cell surface structure (Fig.
7), whereas LPS, less e¡ective in generating oxidative
production, did not induce changes in SSC and FSC,
suggesting di¡erent action mechanisms. Analogous
data were obtained when the e¡ects of cytokines on
intracellular oxygen radical production in neutro-
phils were evaluated. Cytokines such as GM-CSF,
which greatly enhanced oxidative production, also
enlarged cell size and changed cell surface structure.
In contrast, IL-1L neither increased signi¢cantly oxi-
dative production nor modi¢ed SCC and FSC [38].
The increase of reactive oxygen intermediate content
observed after LPS treatment on both cell types can
be related to the inhibition of the ascorbic acid trans-
port, at high calcium concentration, produced by en-
dotoxin, as has been observed previously in isolated
adrenocortical cells [24]. On the other hand, it has
been proposed that oxidative stress causes a decrease
in the activity of calcium-translocating enzyme sys-
tems resulting in an uncontrolled rise in [Ca2]i
mainly from an in£ux of calcium from the extracel-
lular medium. These alterations, produced by the
ability of free radicals to initiate lipid peroxidation
of cellular membranes or oxidation of membrane
protein sulfhydryl groups, result in the inability of
the cell to maintain the ionic environment and have
been implicated in the progression of cellular injury
[39].
Many e¡ects of endotoxins are produced through
the release of mediators such as IL-1, IL-6 and TNF-
K. In fasciculata-reticularis cells there are no reports
about the possible production of cytokines induced
by LPS. However, glomerulosa cells can release IL-6
and TNF-K at long incubation times with endotoxin
[40]. In conclusion, since our treatments are too short
for the production of these mediators, the results of
the present study show that LPS, through a direct
action on both cell types, produces a rapid increase
in [Ca2]i and reactive oxygen metabolite content, as
well as a greater susceptibility to oxidative stress.
These mechanisms could be involved in the initiation
Fig. 7. Iron e¡ect on light scattering properties of rat adrenal fasciculata-reticularis and glomerulosa cells. Cell number (n) versus for-
ward side scatter (FSC) and side scatter (SSC) of control fasciculata-reticularis cells (A), iron-treated fasciculata-reticularis cells (B),
control glomerulosa cells (C) and iron-treated glomerulosa cells (D).
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of the endotoxin action on adrenocortical cells and
could be related to the important functional altera-
tions observed previously.
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